Abstract Major depressive disorder (MDD) affects approximately 14.8 million adults in the United States, which is about 6.7 % of the US population. MDD impacts most activities of daily living, including oral hygiene practices and use of dental resources. This review article provides information related to underlying mechanisms of disease, diagnosis, and treatment so that dentists may best address patients' dental concerns in the context of underlying depression. Laboratory and psychological screening tools are also discussed in relation to specific practice recommendations for managing patients with MDD as well as identifying patients with underlying symptoms who may be at risk for MDD.
Introduction
Depression affects all communities and is estimated to afflict 350 million people throughout the world. The World Health Organization noted that, in 2012, 1 in 20 people experienced depression in the previous year [1] . In the United States (US), the National Comorbidity Survey Replication study identified a lifetime prevalence of depression at 16.5 %, with 6.7 % of US adults reporting depression within the last 12 months. For these individuals, 30.4 % are classified as having severe depressive disorders, which represents 2.0 % of the US population [2] . The average age of onset of major depression is identified as 32 years old [3, 4] . According to the 2010 Global Burden of Disease Study, depression is the second leading cause of years lived with disability (YLD), accounting for 8.2 % of global YLDs, and the leading cause of disability adjusted life years (DALY), accounting for 2.5 % [5] .
Minor changes to the criteria for MDD were released by the American Psychiatric Association in May 2013 [6] . The major diagnostic criteria for MDD remain, and are as follows:
& At least five of the nine following specific symptoms present nearly every day: depressed mood or irritable, decreased interest or pleasure, significant weight change (greater than 5 % or change in appetite), change in sleep, change in activity, fatigue or loss of energy, feelings of guilt/worthlessness, impaired concentration, or suicidality or recurrent thoughts of death & At least one of the symptoms is either depressed mood or loss of interest/pleasure & Symptoms represent a change from previous functioning & Symptoms cause "clinically significant distress" in social, occupational, or other important settings & Does not include symptoms that are clearly due to a general medical condition (e.g., hypothyroidism) or to the direct physiologic effects of a substance (medication or drug of abuse)
Additional modifications of the criteria for MDD reclassify dysthemia (a form of chronic mild depression) to include it as a part of chronic depression and consider bereavement in making a diagnosis of MDD [7] .
Substance abuse disorders are common among those individuals with MDD [8] , and the most serious outcome of depressive disorders is suicide, the psychiatric disorder most commonly linked with depression, with a 20 % greater risk of suicide in those with depression than in the general population. For example, two out of three individuals who complete suicide are depressed, whereas, approximately seven of 100 men and one of 100 women, who have been diagnosed with depression in their lifetime, will complete suicide [9] . Anxiety [10] [11] [12] [13] , pain [14] [15] [16] , diabetes [17, 18] , and cardiovascular diseases [19] have also been linked as comorbid conditions with major depressive disorder.
Recent studies have highlighted the association between depression and oral health behaviors and oral health status. Poor periodontal health has been identified with depression based on both biologic and behavioral mechanisms. Biological mechanisms include the association between depression and the inhibition of immune function, as well as the discovery of the association between anti-depressant medication and the growth of specific bacteria [20•] . Psychological distress has been associated with lower toothbrushing frequency and frequent consumption of sugary products [21•] , and is a risk factor for impaired gingival status and self-report of bleeding gums [22•] , dental caries [23] , tooth loss [24] , edentulism [22•, 25•] , and TMD pain [26] .
Perhaps most intriguing are the findings that depression is associated with fear of dental treatment [10, 22•, 27-30] . In a recent study by Lenk et al. [27] , nearly a third of patients (n= 64) in their psychometric service had a severe fear of dental treatment compared to only four percent of control subjects, and patients accepted for treatment of depressive disorders were five times more likely to fear dental treatment. Of note, over one half of these patients had cancelled or failed to keep dental appointments due to this fear.
Mechanisms of Disease
Major depressive disorder has multiple causal components. A discussion of five "levels" of disease mechanisms for depression is presented in Fig. 1 , and is elucidated below.
Level 1 Genes and proteins
Decades of research on the genetic basis of depression confirms that there is a definite inherited aspect of MDD [31, 32•] , with one recent study also demonstrating the increased impact of heritability in women vs. men [33] . However, both genome-wide association studies and candidate gene studies have yet to identify any definitive genetic mechanisms. One possible explanation of the discordance between these two findings is the plausibility that MDD subtypes represent distinct genetic disorders [32•] . Without a clear gene-specific association, researchers have also begun to study the role of proteins that regulate gene expression, such as that of histone acetylation and methylation [34, 35] .
Level 2 Neurotransmitters and the hypothalamic-pituitary-adrenal (HPA) axis While low levels of the three major monoaminesserotonin, dopamine, and norepinephrine-have all been related to symptom expression in MDD, these neurotransmitters appear to work in concert and no single neurotransmitter has been found to be in ultimate control [35] . Evidence for the influence of serotonin includes the reduction of serotonin transporter (SERT) binding sites and 5HT receptor subtypes in individuals with MDD, and the existence of successful serotonintargeted MDD treatments (e.g., selective serotonin reuptake inhibitors, SSRIs). Dopamine, while more commonly associated with schizophrenia and Parkinson's disease, has also been shown to be associated with the anhedonia (inability to experience pleasure) experienced by individuals with MDD [36, 37] . The norepinephrine system may interact with the serotonin system in regulating the hypothalamic-pituitary-adrenal (HPA) axis, and norepinephrine reuptake inhibitors have been particularly successful in treating MDD resistant to more common therapies [38] .
The HPA axis has also been directly implicated in MDD [17, 35, 39, 40] . The HPA axis, which regulates the body's response to stress through the production and response to endogenous steroids, has an impact on, among other things, a person's immune system, mood/emotion, and energy, all of which are also factors in the diagnosis of MDD. Individuals with MDD have been shown to have heightened activity of their HPA axes, while experimental manipulation of HPA axis functions in animal models induces depressive-like symptoms. Furthermore, anti-depressive medication has been shown to have an effect on modulating HPA axis activity [41] .
Level 3 Emotions, cognitions, and pain
Emotions and cognitions are at the heart of the diagnosis of MDD. While research is ongoing to identify Level 1 and Level 2 criteria for the diagnosis of MDD, it is at Level 3 in this model that the current diagnostic criteria begin to manifest. Level 3 is also the target of cognitive therapies in the treatment of MDD [42, 43] . Depression is associated with "increased elaboration of negative information, difficulties in cognitive control when processing this information, and difficulties disengaging from this information" [44] . Resilient individuals, or those who have a more positive cognitive approach to adversity (e.g., acceptance, positive refocusing, positive reappraisal), have been shown to be less susceptible to and have more favorable treatment outcomes with MDD [45] .
MDD is also associated with general anxiety disorders [12, 13, 30, 46] and with pain [14, 47] , both of which are thought to have shared genetic factors, biological pathways, and neurotransmitters [48] . The co-presentation of MDD symptoms and pain has been termed the "depression-pain syndrome," which is where "people who are in pain are more likely to be depressed, and people who are depressed are more likely to have pain" [48] . At level 3, dental specific dysregulation also begin to present. Symptoms of depression, anxiety, and pain are all associated with sleep bruxism and tooth wear [49] , and the association between depression and dental specific fear has been briefly addressed earlier in this paper.
Level 4 Personal habits and social environmental factors
In addition to the mechanisms of MDD that are internal to the person suffering from the disorder, there are also causal factors of MDD that exist in a person's environment, either through the intrapersonal environment a person creates for him or herself through personal habits and behaviors, or the interpersonal environments a person inhabits both through their immediate relationships and through their broader social and economic situations.
Because MDD causes an interruption in health behavior patterns, behavioral therapies work to reestablish the healthy patterns to ameliorate the underlying depression [50] . For example, there is some evidence that changing a person's exercise habits may be more effective than either cognitivebased psychological or pharmacological therapies [51] . People with MDD may also have poor sleep and nutritional habits [40] , of which the nutritional habits in particular may worsen dental health [52•] .
Both socioeconomic status (SES) [53] [54] [55] [56] and geography [3, 5] have an effect on diagnosis and treatment of MDD, but also have more direct causal implications such as greater likelihood of experiencing violence/ trauma and upheaval in certain countries, regions, and SES groups [57] . While the presentation of MDD (e.g., low moods, sadness, and trouble sleeping) remains similar across different groups of persons, interpersonal and broader social, economic, and cultural situations, however, are nearly impossible to address via the common interventions (either cognitive/behavioral or pharmacologic) that target suffering individuals.
Level 5 Stress and Inflammation
Inflammation may be a major underlying factor linking MDD to other medical comorbidities. Fig. 1 Mechanisms of disease in major depressive disorder Individuals at higher risk for developing depression include those living with chronic diseases, most notably cardiac diseases [58, 59] and diabetes [18] . The elderly, also, are at almost twice the risk for MDD as in the general US population [60] . Recently research has begun to investigate the underlying role of inflammation in all of these illnesses, as well as of the aging process more generally [61] . Depression is also associated with elevated levels of pro-inflammatory cytokines such as TNF-alpha and Interleukin-1, and C-reactive protein [40, [61] [62] [63] [64] . Furthermore, in at least one study, antiinflammatory agents have been shown to reduce depressive symptoms [61] .
Chronic stress is another, and perhaps the ultimate [65•] major factor linking all of the earlier levels in the mechanisms of MDD. Evidence of stress exists at all levels, from the genetic and cellular, to environmental [66] [67] [68] . Stress is correlated with inflammation, and stress reduction may occur through cognitive and behavioral therapies for MDD such as cognitive reframing or exercise. Therefore, by reducing stress in the dental chair and dental related anxiety, dentists may contribute to improving the trajectories of MDD.
Treatment
Both pharmacotherapy and psychotherapy, in combination or separately, have proven effective treatment for MDD [69] . Thorough and complete medical histories are needed to identify all depression management strategies for a dental patient in order to prevent complications with dental care, most notably medication side effects, potential adverse drug interactions, and the appropriate use of vasoconstrictors in administering local anesthesia [70] .
Common anti-depressants prescribed for depression include selective serotonin reuptake inhibitors (SSRIs), tricyclic anti-depressants (TCAs), monoamine oxidase inhibitors (MAOIs), and atypical anti-depressants. Possibly effective home care treatments are herbal preparations (e.g., St. John's wort), omega-3 fatty acids, Sadenosyl-L-methionine (SAMe), and folate, which have all shown an effect greater than placebo [71, 72] . Nonpharmacological treatment strategies include psychotherapy (interpersonal and cognitive behavior therapy), electroconvulsive therapy (ECT) [73] , and transmagnetic therapy (TMS). Effective complementary treatment may include exercise, relaxation, and yoga [74, 75] .
The most common dental side effect present with current anti-depressant medications is xerostomia [73] . Dental side effects for SSRI anti-depressant medications also include dysgeusia, stomatitis, glossitis, sialedenitis, discolored tongue, tongue edema, bruxism, and angular chelitis. Most TCA medications produce sialadenitis and dysgeusia as side effects. Atypical anti-depressant side effects may include gingivitis, fungal infections, oral ulcers, and halitosis [76, 77] .
Dentists should also be aware of drug interactions with common anti-depressant therapy. SSRIs have been associated with bleeding events such as bruising, hematoma, petechiae, purpura, and epistaxis due to a suspected anti-platelet effect; however, the lack of randomized, controlled clinical trials limits causal reference at this time [78] [79] [80] . TCAs combined with vasoconstrictors or sympathomimetics have the potential for association with cardiovascular adverse drug reactions, including orthostatic hypotension episode [77] . MAOIs have a dangerous, concomitant effect with opioids (meperidine, tramadol, and propoxyphene) and must be avoided due to induction of a serotonin-like syndrome manifested by tremors, convulsions, muscle rigidity, and hyperexia [80] . St. John's Wort adds to the photosensitizing effect of amitriptyline, sulfa drugs, and tetracycline, and, because of its induction of the CYP1A2 and CYP3A4 enzymes, will decrease drug absorption of many drugs used in dental settings (e.g., acetaminophen, diazepam, and ketoconazole) as well as of other common medications [81] .
Screening for MDD
The characteristics of MDD are many and generally well accepted by experts in the field. Many primary health practitioners and most dentists have neither the expertise nor the time to conduct a specialist-level interview with a patient to determine whether or not MDD might be affecting his/her daily life and oral health. A screening tool that enables timely referral and appropriate follow-up treatment has the potential to facilitate improved home care, better acceptance of treatment, and a generally enhanced dental office experience for the patient.
Laboratory Tests for MDD
Ideally, a diagnostic blood or saliva laboratory test would accurately identify all MDD patients with a minimum of false positives. Although some progress on this front has been reported in the popular press, at this time no definitive laboratory test exists for MDD. Testing of saliva continues to be examined by researchers for its potential value as a part of periodic medical and dental examinations [82] . Saliva has been used to test for cortisol levels as an indicator of chronic stress in healthy patients [83] . Elevated salivary cortisol levels have been identified in depressed patients [84, 85] . Nevertheless, cortisol levels in saliva can suggest other, non-mental health conditions as well, and while its noninvasive nature and ease of collection make salivary diagnostics extremely attractive, much work remains to be done before an effective and reliable screening tool using saliva is available [86] .
Many of the laboratory tests used by primary care physicians when MDD is being considered as part of a differential diagnosis are used to rule out potential physical causes of depression include: overactive thyroid, hypothyroid, multiple sclerosis, head trauma, stroke, and corticosteroid treatment. Tests done to rule out organic causes of MDD include: complete blood count, thyroid stimulating hormone, vitamin B-12, rapid plasma reagin, HIV virus, electrolytes (calcium, phosphate, magnesium), blood urea nitrogen, liver function, blood alcohol, blood and urine toxicity screens, arterial blood gases, dexamethasone suppression, and adrenocorticotropic hormone [73] . Nonetheless, it is important to recognize that MDD can coexist with related organic causes and often, in such cases, only somatic symptoms are evident.
Psychological Tests for MDD
Good evidence supports the combination of screening for depression with appropriate follow-up. O'Connor and others have stressed the critical importance of additional staff in providing at least some of the follow-up care in lieu of the overburdened primary care physician [87] . A variety of screening tools have been developed for use in primary care settings [88] , and, perhaps, the easiest yet effective tool for the busy dentist or general practitioner to add to his/her armamentarium would be the two question version of the PHQ (PHQ-2). The questions involve: little interest or pleasure in doing things (0-3) and feeling down, depressed or hopeless (0-3) [89] . Arrol found in general medical practices in New Zealand that asking these questions orally, rather than having the patient complete a written questionnaire, was more effective in identifying cases of depression. He argues that the relatively low specificity of the test (67 %) is offset by follow-up interviews [90] . The dentist could easily incorporate these two questions into a patient interview and then, in conjunction with the patient, make a recommendation for follow-up with the patient's primary care physician or a mental health professional. It should be noted that, despite studies to the contrary, a review by Gilbody concluded that routine screening alone has minimal impact on depression outcomes and that a two stage process (screening + follow-up) needs evaluation in future research [91] .
Conclusion
As noted by Korszun and Ship (1997) [15] and still relevant today, … the diagnosis and treatment of depression should be especially relevant to dental practitioners because they are primary care providers who treat a large cross-section of the community … Dentists should be familiar with the clinical manifestations of depression which could assist in the diagnosis and treatment of chronic facial pain… Although not psychiatrists, dentists can screen (emphasis added) for symptoms of depression.
Dentists are in a unique position to identify symptoms associated with depression in their patients, and to contribute to their patients' overall wellness through discussion and referral. For example, careful observation of the patient, combined with the completion of a thorough medical history that includes an appropriate MDD screening tool such as the PHQ-2, may reveal underlying symptoms of depression for further evaluation. Careful probing of patients with comorbid conditions related to MDD, such as dental fear, pain and unmet dental disease, may elucidate symptoms of depression and merit referral to the primary care physician and/ or a mental health professional. Dentists who provide a caring and empathetic atmosphere are most important in gaining the trust of all patients, especially those with MDD. Developing professional rapport with a patient's general medical practitioner is particularly important if referral of suspected MDD is considered. Alternatively or additionally, a dentist may wish to develop an ongoing relationship with a trusted mental health professional to whom patients could be referred. In most cases, referral to the family physician may be better accepted by the patient; however, the availability of both options provides more flexibility in dealing with individual situations. Additional circumstances, suggested below, may provoke inquiry into whether or not a patient has underlying MDD. The recommendations of Frielander and Mahler, published in the Journal of the American Dental Association in 2001, remain a relevant guide for the general dentist in the dental implications of the medical management of MDD. The general dentist, if desired, may even have a more direct role in the treatment of MDD. General dentists may consult with a patient's primary physician or psychiatrist, monitor medication adherence and dental treatment strategies, and utilize techniques in the dental office to reduce MDD associated dental anxiety. Treatment of patients with MDD is facilitated by having a well-informed and trained dental staff that understands and empathizes with patients who may have MDD. This type of support goes a considerable way to help patients deal with MDD and its frequent dental sequelae.
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